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Background Technology 

The present invention is concerned with injection devices of the type that include a 
5 housing, a syringe received within the housing, the syringe having a bore in which a 
discharge piston having a bore is inserted, a drive element and an actuator for advancing 
the drive element so as to advance the discharge piston and discharge the contents of the 
syringe through its discharge nozzle. 

10 These days, nearly everything is manufactured by machines. In some circumstances, 
machines are more reliable that manual labour and are they are very much less expensive. 
However, there is one faculty of a production line worker that, hitherto, machines have 
been unable to reproduce, and are unlikely to be able to do so for a long time to come. If a 
production line worker drops a part of the thing being manufactured, he may pick it up or 

1 5 he may select another from the parts bin. If a part is damaged, he may discard it. If the 
assembly operation he is undertaking is complex, he will ensure that the parts are properly 
aligned and assembled. He does all of these things because he is able to adapt to different 
circumstances and to use his judgment. Machines cannot. 

20 During automated assembling of injection devices of the type mentioned above, mere are a 
number of critical steps that need to be performed accurately and properly. Difficulties in 
performing these steps may arise from tight component tolerances or from the use of 
fragile components, such as glass hypodermic syringes. The particular assembly step with 
which the present invention is concerned is that of getting the drive element into the bore 

25 of the syringe, to which a number of challenges attach. Firstly, to act on the outer diameter 
of the syringe piston, it is necessary for the drive element to have a flat end face that is a 
close fit in the syringe bore. Secondly, this flat end face presents the risk that the drive 
element may jam onto the end of the syringe, particularly if there is any misalignment 
between the components. Thirdly, if automation is used to assemble the devices a jam 

30 between the drive element and the syringe could result in damage to the device or even 
breakage of the syringe. Finally, even if this operation is done by hand, it is often 
necessary to do it blind. 
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Summary of the Invention 

It is an object of the present invention to provide a construction of injection device in 
which possible misalignment between the drive element and the syringe bore during 
assembly is already accounted for and does not so easily lead to a jam between the drive 
5 element and the syringe. 

Accordingly, an injection device according to the present invention comprises: 
a housing; 

a syringe received within the housing, the syringe having a bore terminating at a 
10 forward end in a discharge nozzle and at a rearward end in a flared opening in which a 
discharge piston having a bore is inserted; 

a drive element having a forward end consisting of a substantially flat edge region 
that is adapted to bear upon the discharge piston of the syringe and surrounds a projecting 
middle region that is adapted to be received in the bore of the discharge piston; and 
15 an actuator for advancing the drive element so as to advance the discharge piston 

and discharge the contents of the syringe through the discharge nozzle. 

The combination of the flared opening to the syringe bore and the projecting middle region 
of the drive element allows the problems associated with mild misalignments of the two to 
20 be overcome. This is because the projecting middle region either passes straight into the 
end of the syringe, or it contacts the flared opening which guides it towards the centre of 
the syringe. Coupled with force sensors on the assembly machines, this arrangement will 
allow the appropriate automatic adjustment to be made to the alignment of the two parts. 

25 Alternatively, and this is thought to be better because it does not rely on force sensors or 
other sophisticated modifications of the assembly machines, any misalignment is 
automatically corrected in full. This can be achieved if the flared opening in the syringe 
and the substantially flat edge and projecting middle regions of the forward end of the 
drive element are so shaped and dimensioned that axial misalignment between the syringe 

30 and the drive element during assembly of the injection device are corrected by, firstly, the 
projecting middle region of the forward end of the drive element riding up the flared 
opening of the syringe to a point at which, secondly, the substantially flat edge region of 
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the forward' end of the drive element makes contact with and rides up the flared opening of 
the syringe to align the drive element in the bore of the syringe. 

The appropriate amount of flaring of the opening will depend upon a number of variables. 
5 Take a line formed by the intersection of the flared opening of the syringe and a plane that 
passes through the axis of the syringe bore. Preferably, this line possesses a radius of 
curvature of between 33% and 100% of the radius of the syringe bore. In the preferred 
embodiment, it possesses a radius of curvature of between 1 mm and 3 mm. This radius of 
curvature may be an instantaneous radius of curvature; it may be an average radius of 
1 0 curvature; it may be a minimum radius of curvature. 

In embodiments in which the shape and dimensions of the flared opening in the syringe 
and the substantially flat edge and projecting middle regions of the forward end of the 
drive element are designed to correct axial misalignment in full, this radius of curvature 
15 should preferably be greater than the maximum radial extent of the substantially flat edge 
region of the forward end of the drive element. Better results are obtained if it is at least 
50% greater than the maximum radial extent of die substantially flat edge region of the 
forward end of the drive element. Even better results follow if it is at least 70% greater. 

20 To allow all directions of axial misalignment to be dealt with equally, the flared opening of 
the syringe is preferably substantially a surface of revolution about the axis of the syringe 
bore. 

The present invention also extends to an injection device comprising: 
25 a housing adapted to receive a syringe having a bore terminating at a forward end 

in a discharge nozzle and at a rearward end in a flared opening in which a discharge piston 
having a bore is inserted; and 

a drive element that is adapted to bear upon the discharge piston of the syringe; and 
an actuator for advancing the drive element so as to advance the discharge piston 
30 and discharge the contents of the syringe through the discharge nozzle, the forward end of 
the drive element consisting of a substantially flat edge region surrounding a projecting 
middle region. 
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Normally, the forward end of the drive element has a cross-sectional area in the range 6.5 
mm 2 to 1 10 mm 2 , preferably 273 mm 2 ± 8%. 

Again, to allow all directions of axial misalignment to be dealt with equally, the forward 
5 end of the drive element may be substantially circular in cross-section. In that case, the 
forward end of the drive element normally has a radius in the range 1 .45 mm to 5.9 mm, 
preferably 2.95 mm ± 4%. 

The substantially flat edge region of the forward end of the drive element may account for 
10 between 25% and 50% of the total area of the forward end of the drive element, preferably 
37 ± 3 % of the total area of the forward end of the drive element. 

Again, to allow all directions of axial misalignment to be dealt with equally, the 
substantially flat edge region of the forward end of the drive element may be substantially 
15 annular. Preferably, the inner diameter of the substantially flat annular region is 61 ± 2 % 
of the outer diameter. 

Again, to allow all directions of axial misalignment to be dealt with equally, the projecting 
middle region of the forward end of the drive element is substantially circular in shape. For 

20 reasons that will be obvious, the projecting middle region of the forward end of the drive 
element preferably tapers from the substantially flat edge region to a neb. It is thought that 
best results may be obtained if the projecting middle region of the forward end of the drive 
element tapers at an average angle of between 35 ± 10° to the longitudinal axis of the drive 
element. For example, the projecting middle region of the forward end of the drive element 

25 may be substantially conical or frustoconicai with an included cone angle of 65 ± 5°. 

Brief Description of the Drawings 

The present invention will now be describe by way of example with reference to the 
accompanying drawings, in which: 
30 figure 1 shows in perspective an injection device of the type to which the present 

invention is applicable; 

figure 2 shows in section the injection device of ligure 1 before actuation; 

figure 3 shows an enlarged portion of figure 2; and 
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figure 4 is a perspective view of the drive element of figures 1-3. 
Detailed Description of the Preferred Embodiments 

Figure 1 shows an injection device 110 having a housing 1 12 with a proximal end 101 and 
5 a distal end 1 02. All parts are injection-moulded. The housing 1 12 has a trigger 1 1 1 which 
projects through the housing 1 12 and which can be actuated by pressing down on its upper 
surface 111a. There is a indicator opening 1 13 in the housing located adjacent the proximal 
end 101. 

1 0 Figure 2 shows the housing 1 12 containing a hypodermic syringe 1 1 4 of conventional type, 
including a syringe body 116 terminating at one end in a hypodermic needle 1 18 and at the 
other in a flange 120. The conventional plunger and bung that would normally be used to 
discharge the contents of the syringe 1 14 manually have been removed and replaced with a 
drive element 134 which includes a bung 134a. This drive element 134 constrains a drug 

15 124 to be administered within the syringe body 116. Whilst the syringe illustrated is of 
hypodermic type, this need not necessarily be so. Transcutaneous or ballistic dermal and 
subcutaneous syringes may also be used with the injection device of the present invention. 
As illustrated, the housing includes a return drive which here takes the form of a 
compression return spring 126 that biases the syringe 114 from an extended position in 

20 which the needle 118 extends from an aperture 128 in the housing 112 to a retracted 
position in which the discharge nozzle 1 1 8 is contained within the housing 112. 

The housing 1 12 includes a support member which, as shown in figure 2, takes the form of 
a cylindrical insert 122. The cylindrical insert 122 has, on its inner surface, a support 

25 surface 122a which connects with one end of the return spring 126. The other end of the 
return spring 126 acts on the syringe 114 via a syringe carrier 127. The support surface 
122a is provided, as shown in figure 2, by a rim on the inner surface of the cylindrical 
insert 122. The support surface 122a is positioned beyond the indicator opening 1 13 away 
from the proximal end 101 of the housing 112. The return spring 126 connects with the 

30 support surface 122a on its end which is located away from the proximal end 101 of the 
housing 112 and its other end acts on the syringe carrier 127 beyond the support surface 
122a from the proximal end 101 of the housing 112. This way, the return spring 126, 
which surrounds the syringe 114 and syringe carrier 127, cannot be seen through the 
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indicator opening 1 13 at any time before, during or after triggering of the injection device 
110. The cylindrical insert 122 forms a window in the indicator opening 113 formed from 
transparent material so that the contents of the syringe 114 can be viewed through the 
indicator opening 113. 

At the other end of the housing 112 is a forward drive, which here takes the form of a 
compression drive spring 130. Drive from the drive spring 130 is transmitted via a multi- 
component drive to the syringe 1 14 to advance it from its retracted position to its extended 
position and discharge its contents through the needle 118. The drive accomplishes this 
task by acting directly on the drug 124 and the syringe 1 14. Static friction between the 
drive element 134 and the syringe body 116 initially ensures that they advance together, 
until the return spring 126 bottoms out or the syringe body 116 meets some other 
obstruction (not shown) that retards its motion. 

The multi-component drive between the drive spring 130 and the syringe 1 14 consists of 
three principal components. A drive sleeve 131 takes drive from the drive spring 130 and 
transmits it to a first drive element 132. This in turn transmits drive via a damping fluid to 
a second drive element, the drive element 134 already mentioned. 

The first drive element 132 includes a hollow stem 140, the inner cavity of which forms a 
collection chamber 142 in communication with a vent 144 that extends from the collection 
chamber through the end of the stem 140. The second drive element 134 includes a blind 
bore 146 that is open at one end to receive the stem 140 and closed at the other. As can be 
seen, the bore 146 and the stem 140 defining a fluid reservoir 148, within which the 
damping fluid is contained. 

The trigger 111, when operated, serves to decouple the drive sleeve 131 from the housing 
1 12, allowing it to move relative to the housing 1 12 under the influence of the drive spring 
130. The operation of the device is then as follows. 

Initially, the drive spring 130 moves the drive sleeve 131, the drive sleeve 131 moves the 
first drive element 132 and the first drive element 132 moves the second drive element 
134. The second drive element 134 moves and, by virtue of static friction and hydrostatic 
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forces acting through the drug 124 to be administered, moves the syringe body 116 against 
the action of the return spring 126. The return spring 126 compresses and the hypodermic 
needle 118 emerges from the exit aperture 128 (not shown) of the housing 112. This 
continues until the return spring 126 bottoms out or the syringe body 1 16 meets some other 

5 obstruction (not shown) that retards its motion. Because the static friction between the 
second drive element 134 and the syringe body 116 and the hydrostatic forces acting 
through the drug 124 to be administered are not sufficient to resist the full drive force 
developed by the drive spring 130, at this point the second drive element 134 begins to 
move within the syringe body 116 and the drug 124 begins to be discharged. Dynamic 

10 friction between the second drive element 134 and the syringe body 1 16 and hydrostatic 
and hydrodynamic forces now acting through the drug 124 to be administered are, 
however, sufficient to retain the return spring 126 in its compressed state, so the 
hypodermic needle 1 18 remains extended. 

15 Before the second drive element 134 reaches the end of its travel within the syringe body 
116, so before the contents of the syringe have fully discharged, protrusions (not shown) 
on the first drive element 132 reach a constriction 137 within the housing 112. The 
constriction 137 moves the protrusions inwards so that the first drive element 136 is no 
longer coupled to the second drive element 134. Once this happens, the first drive element 

20 1 36 no longer acts on the second drive element 1 34, allowing the first drive element 1 32 to 
move relative to the second drive element 134. 

Because the damping fluid is contained within a reservoir 148 defined between the end of 
the first drive element 132 and the blind bore 146 in me second drive element 134, the 

25 volume of the reservoir 146 will tend to decrease as the first drive element 132 moves 
relative to the second drive element 134 when the former is acted upon by the drive spring 
130. As the reservoir 148 collapses, damping fluid is forced through the vent 144 into the 
collection chamber 142. After release of the drive spring 130, some of the force exerted by 
the drive spring 130 does work on the damping fluid, causing it to flow though the 

30 constriction formed by the vent 144; the remainder acts hydrostatically through the fluid 
and through friction between the first and second drive elements 132, 134, thence via the 
second drive element 134. Losses associated with the flow of the damping fluid do not 
attenuate the force acting on the body of the syringe to a great extent. Thus, the return 
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spring 126 remains compressed and the hypodermic needle remains extended. 

After a time, the second drive element 134 completes its travel within the syringe body 1 1 6 
and can go no further. At this point, the contents of the syringe 114 are completely 
5 discharged and the force exerted by the drive spring 130 acts to retain the second drive 
element 134 in its terminal position and to continue to cause the damping fluid to flow 
though the vent 144, allowing the first drive element 132 to continue its movement. 

Before the reservoir 148 of fluid is exhausted, flexible latch arms 133 linking the drive 
10 sleeve 131 with the first drive element 132 are no longer forced to engage the drive sleeve 
131 by protrusions 133a on the second drive element 134. Once this happens, the drive 
sleeve 131 acts no longer on the first drive element 132, allowing them to move relative to 
each other. At this point, of course, the syringe 114 is released, because the forces 
developed by the drive spring 130 are no longer being transmitted to the syringe 1 14, and 
15 the only force acting on the syringe will be the return force from the return spring 126. 
Thus, the syringe 114 is now returned to its retracted position and the injection cycle is 
complete. 

All this takes place, of course, only once the cap 1 15 has been removed from the end of the 
20 housing 1 12. As can be seen from figure 2, the end of the syringe 1 14 is sealed with a boot 
123. 

As discussed above and illustrated in figures 3 and 4, the drive element 134 terminates at 
its forward end in a flat annular region 200 that surrounds a substantially conical middle 

25 region 202 terminating in a neb 204. The rubber bung 134a possesses a central bore 206 in 
which the conical middle region 202 and the neb 204 are received and a skirt 208 that is 
borne upon by the annular flat region of the end of the drive element 134. The opening 210 
in the rear of the glass syringe is flared, in this case by being provided with a radius at 
region 212. This radius is provided around the whole of the syringe bore opening and thus 

30 forms a surface of revolution. 


The combination of the radius at regions 212 of the opening 210 to the syringe bore and 
the projecting conical middle region 202 and the neb 204 of the drive element allows 
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misalignments of the two to be managed. This is because the conical middle region 202 
and the neb 204 either pass straight into the opening 210 of the syringe, or contact the 
radius at regions 212, which guides them towards the centre of the syringe bore. The radius 
at regions 212 and the substantially flat annular region and the central conical portion 202 

5 and neb 204 of the drive element 134 are so shaped and dimensioned that axial 
misalignment between the syringe 114 and the drive element 134 during assembly of the 
injection device are corrected by, firstly, the conical middle region 202 of the drive 
element riding up the radius at region 212 to a point at which, secondly, the substantially 
flat annular region 200 of the drive element 134 also makes contact with and rides up the 

10 radius at region 212, to align the drive element 134 in the bore of the syringe 114. 

In this preferred embodiment of the invention, the inner diameter of the bore of the syringe 
114 is 6.35 ± 0.1 mm. The appropriate radius to be provided at regions 212 depends a 
number of variables. A typical radius may be between 33% and 100% of the radius of the 

15 syringe bore; in this preferred embodiment, it possesses a radius of curvature of between 1 
mm and 3 mm. Since in this embodiment, the shape and dimensions of the flared opening 
in the syringe and the substantially flat annular and conical middle regions of the drive 
element 134 are designed to correct axial misalignment in full, this radius of curvature 
should preferably be greater than the maximum radial extent of the substantially flat 

20 annular region of the drive element 134. Better results are obtained if it is at least 50% 
greater than the maximum radial extent of the substantially flat edge region of the forward 
end of the drive element. Even better results follow if it is at least 70% greater. In this 
embodiment, a radius of 2 mm is preferred, which compares with a maximum radial extent 
of the substantially flat annular region 200 of the drive element 1 34 of about 1.15 mm. 

25 

The drive element 134 itself has a diameter at its forward of 5.9 ± 0.22 mm (i.e. ± 4%) and 
thus its cross-sectional area is 27.3 mm 2 ± 8%. The diameter of the base of the conical 
middle portion 202 is 3.6 mm ± 4%, which accounts for about 63% of the total area of the 
end of the drive element 134; the remaining 37% is accounted for by the flat annular region 
30 200. The conical middle region of the forward end of the drive element has an included 
cone angle of 65 ± 5°, which means that the sides of the cone taper at about 32.5° from the 
longitudinal axis of the drive element 134. These various preferred dimensions and angles 
make up a device that has been found to work extremely well. 
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A drive element 134 shaped in the way described has further advantages. If it is desired to 
reduce the dose volume of the device, this is easily done by inserting, during the assembly 
operation, an additional drive element between element 134 and the bung 134a. At its 
5 forward end, the additional drive element should reproduce exactly the shape and 
dimensions of the drive element 134; at its rearward end, it should reproduce the shape and 
dimensions of the bore and skirt of the bung 134a. Thus, to the drive element 134, the 
additional drive element will be indistinguishable from the bung 134a; to the bung 134a, it 
will be indistinguishable from the drive element 134. 
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Claims 

1. An injection device comprising: 
a housing; 

5 a syringe received within the housing, the syringe having a bore terminating at a 

forward end in a discharge nozzle and at a rearward end in a flared opening in which a 
discharge piston having a bore is inserted; 

a drive element having a forward end consisting of a substantially flat edge region 
that is adapted to bear upon the discharge piston of the syringe and surrounds a projecting 
1 0 middle region that is adapted to be received in the bore of the discharge piston; and 

an actuator for advancing the drive element so as to advance the discharge piston 
and discharge the contents of the syringe through the discharge nozzle. 

2. An injection device according to claim 1 in which the flared opening in the syringe 
15 and the substantially flat edge and projecting middle regions of the forward end of the 

drive element are so shaped and dimensioned that axial misalignment between the syringe 
and the drive element during assembly of the injection device are corrected by, firstly, the 
projecting middle region of the forward end of the drive element riding up the flared 
opening of the syringe to a point at which, secondly, the substantially flat edge region of 
20 the forward end of the drive element rides up the flared opening of the syringe to align the 
drive element in the bore of the syringe. 

3. An injection device according to claim 2 in which the line formed by the 
intersection of the flared opening of the syringe and a plane that passes through the axis of 

25 the syringe bore possesses a radius of curvature of between 33% and 100% of the radius of 
the syringe bore. 

4. An injection device according to claim 2 in which the line formed by the 
intersection of the flared opening of the syringe and a plane that passes through the axis of 

30 the syringe bore possesses a radius of curvature of between 1 mm and 3 mm. 

5. An injection device according to claim 3 or claim 4 in which the said radius of 
curvature is an average radius of curvature. 
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6. An injection device according to claim 3 or claim 4 in which the said radius of 
curvature is a minimum radius of curvature. 

5 7. An injection device according to any one of claims 3-6 in which the said radius of 
curvature is greater than the maximum radial extent of the substantially flat edge region of 
the forward end of the drive element. 

8. An injection device according to claim 7 in which the said radius of curvature is at 
10 least 50% greater than the maximum radial extent of the substantially flat edge region of 

the forward end of the drive element. 

9. An injection device according to claim 7 in which the said radius of curvature is at 
least 70% greater than the maximum radial extent of the substantially flat edge region of 

1 5 the forward end of the drive element. 

10. An injection device according to any preceding claim in which the flared opening 
of the syringe is substantially a surface of revolution about the axis of the syringe bore. 

20 11. An injection device comprising: 

a housing adapted to receive a syringe having a bore terminating at a forward end 
in a discharge nozzle and at a rearward end in a flared opening in which a discharge piston 
having a bore is inserted; and 

a drive element that is adapted to bear upon the discharge piston of the syringe; and 
25 an actuator for advancing the drive element so as to advance the discharge piston 

and discharge the contents of the syringe through the discharge nozzle, the forward end of 
the drive element consisting of a substantially flat edge region surrounding a projecting 
middle region. 

30 12. An injection device according to any preceding claim in which the forward end of 
the drive element has a cross-sectional area in the range 6.5 mm 2 to 1 10 mm 2 . 


13. An injection device according to claim 12 in which the forward end of the drive 
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element has a cross-sectional area of 27.3 mm 2 ± 8%. 

14. An injection device according to any preceding claim in which the forward end of 
the drive element is substantially circular in cross-section. 

5 

15. An injection device according to claim 14 in which the forward end of the drive 
element has a radius in the range 1 .45 mm to 5.9 mm. 

16. An injection device according to claim 15 in which the forward end of the drive 
1 0 element has a radius of 2.95 mm ± 4%. 

17. An injection device according to any preceding claim in which the substantially flat 
edge region of the forward end of the drive element accounts for between 25% and 50% of 
the total area of the forward end of the drive element. 

15 

18. An injection device according to claim 17 in which the substantially flat edge 
region of the forward end of the drive element accounts for 37 ± 3 % of the total area of the 
forward end of the drive element. 

20 19. An injection device according to any preceding claim in which the substantially flat 
edge region of the forward end of the drive element is substantially annular. 

20. An injection device according to claim 19 in which the inner diameter of the 
substantially flat annular region is 61 ± 2 % of the outer diameter. 

25 

21. An injection device according to any preceding claim in which the projecting 
middle region of the forward end of the drive element is substantially circular in shape. 

22. An injection device according to any preceding claim in which the projecting 
30 middle region of the forward end of the drive element tapers from the substantially flat 

edge region to a neb. 


23. An injection device according to claim 22 in which the projecting middle region of 
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the forward end of the drive element tapers at an average angle of between 35 ± 10° to the 
longitudinal axis of the drive element. 

24. An injection device according to claim 22 or claim 23 in which the projecting 
5 middle region of the forward end of the drive element is substantially conical or 

frustoconical. 

25. An injection device according to claim 24 in which the conical or frustoconical 
region of the forward end of the drive element has an included cone angle of 65 ± 5°. 

10 
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